China's etordinary economic growth, indusrialiaion, and urbanization, coupled with inadequate invement in basic water supply and treatment infrsucture, have resulted in widespread water pollution. In China today approximately 700 million people-over half the populationconsume drinking water contaminated with levels ofanimal and human excreta that exceed maximum permissible levels by as much as 86% in rural areas and 28% in urban areas. By the year 2000, the volume of wastewater produced could double from 1990 leves to almost 78 billion tons. These are alarming trends with potentially seroio oseoquen r humanhealth. This paper reviews and analyzes recent Chinese reports on public health and water resources to shed light on what recent trends imply for China's environmental risk transition. This paper has two major condusions. First, the critical deficits in basic water supply and sewage treatment infratructure have inced the risk of exposure to infectious and parasitic disease and to a growing volume of industrial chemicals, heavy metals, and algal toxins. Second, the lack of coordination between environmental and public health objectives a compl and e d system to manage water resources, and the gneral treatment of water as a common resource mean that the water quality and quantity problems observed as wel as the hlth thrts identfied are likely to become more acute.
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The degraded condition of much of China's surface water resources, together with the lack of coordination between protection of public health and management of water quality, pose serious threats to human health. This paper analyzes recent Chinese reports on water resources and health, with the understanding that the chronic health consequences that result from changes in environmental conditions only begin to appear in health and epidemiologic records after a decade or two (5 showed that all the major pollutants analyzed exceeded national standards for drinking water quality. Mercury concentrations were 45-700% in excess of the standard, whereas concentrations of lead were 3,600-5,216% greater than the standard. Table 2 lists China's national standards for drinking water quality.
In a number of studies, pollutants released by TVIEs have been linked to adverse health effects. In China overall, liver and stomach cancer deaths have doubled since the 1970s, and are now the leading causes of cancer mortality in rural China (9) . China now has the highest liver cancer death rate in the world (9) . When TVIEs in more polluted areas are examined, they show a general increase in cancer mortality. (Fig. 2) . Figure 2 also demonstrates that cancer mortality in polluted areas has been steadily increasing over time. Although diet and alcohol consumption may play a role in the increased cancer rates, environmental factors are also relevant. One illustration of the link bet, :n cancer and pollution in China comes from a 1987-1988 study of two villages, Xujia and Xizhou, where water supplies were polluted by petroleum industries (10) . Deep groundwater, the source of village drinking water supplies, was heavily contaminated by hydrocarbons such as aliphatic and aromatic alkenes, phenols, aldehydes, ketones, acids, esters, etc., with concentrations of petroleum derivatives at 0.078-0.500 mg/l, volatile phenols at 0.001-0.003 mg/l, and sulfides at 0.059-0.451 mg/l (10) . When compared to a control area, major findings included a >25% higher rate of overall cancer mortality from 1986 to 1988 and a >50% higher rate of cancers of the gastrointestinal tract during the same time period (10 Given the lack of wastewater treatment infrastructure, it is not surprising that low levels of sewage treatment have resulted in widespread contamination of drinking water supplies, and in turn resulted in significant episodes of illness (2) . Table 3 shows that sewage is the leading contributor of contamination to water supplies (i.e., piped water, surface water, and groundwater), and that sewage contamination produces more cases of illness as compared to chemical and pesticide contamination. Untreated sewage usually contains large numbers of pathogenic microorganisms such as schistosomial ova cercaria and ova of parasitic flukes and worms; hepatitis A, bacterial dysentery, infectious diarrhea, para-cholera, and typhoid are also common (13) . In 1991, the average incidence of typhoid fever was 10.6 per 100,000-any incidence greater than 10 per 100,000 is considered high by the World Health Organization.
The problems stemming from the failure to treat sewage properly are exacerbated by inadequate treatment of drinking water supplies. Of the 27 largest Chinese cities, only 6 supplied drinking water that met government standards; groundwater did not meet state standards in 23 of these cities (14) . The Baiyangdian Lake (1X). A task force established by the provincial administration compared the quality of groundwater and the rates of cancer mortality near Baiyangdian Lake (the most polluted area) and along the drainage canal (polluted area) with those in a control area (Fig. 3) . The three areas-control, polluted, and most polluted-were dassified according to the relative degree of water quality in each area. For instance, the control area had 0 of 18 wells below Grade II, the polluted area had 2 of 24 wells below Grade II, and the most polluted area had 6 of 24 wells below Grade II. Among the three areas, cancer mortality was significantly higher among residents relying on contaminated groundwater (17) . The rates of esophageal and liver cancer were three times that of populations in the studied control area (17) . Populations in the Baiyangdian Lake area also exhibited higher incidences of anemia (i.e., the average number of cells lacking hemoglobin of <120 g/l were 1.32%, p<O.Ol higher in males, and 6.00%, p<0.01 higher in females) and elevated immune responses (i.e., white blood cell counts in polluted areas were higher than control areas by an average of7,027/mm3, p<0.01) (17) .
Intensification and Modernization of Agriculture
Inadequate drinking water and sewage treatment infrastructure is not the only problem plaguing urban water resources. I0 [1973] [1974] [1975] The rapid expansion of new agricultural activities, the so-called vegetable baskets (urban and suburban gardens), are also aggravating drinking water supply problems. These newly developed plots are usually irrigated with untreated sewage while fertilizer and pesticides are applied to raise productivity. Furthermore, poultry operations and small-scale household husbandry have also expanded rapidly to meet the demand of city residents for meat, eggs, and milk. These operations generate considerable animal waste within and around cities. Most of the wastes from these farms are discharged untreated into surface waters (18 (6) .
Despite the increased use of fertilizer, only 30% of fertilizers applied to agricultural crops are used effectively (19) . As a result, nonpoint source pollution has been worsening dramatically. Excessive use of 1976-1978 1979-1981 Cancer mortality (duration of observation (25, 26) . Even when the presence of hepatitis B viral infections, ethnic or genetic susceptibilities, and alcohol consumption were factored in, the risk of liver cancer associated with the consumption of polluted drinking water was still twofold or higher (27, 28) . Because these phytotoxins represent only a few of those probably present in eutrophied waters, this is important and disturbing evidence that merits urgent attention; in China, however, the study of pesticides has focused on managing or preventing poisoning or toxic events usually associated with accidental spills during application or transportation. Thus, there are limited epidemiologic data or other types of research performed on the possible ways that agrochemicals, particularly pesticides, could effect human health in China. There is also limited knowledge of whether bioaccumulation in plants and animals is entering the human food chain, or what levels of exposure affect immune system function (29) .
Misapplication of fertilizers and pesticides is not the only agricultural practice adversely affecting water supplies, however.
Acute water shortages, especially in the northern regions, have led to the relatively new practice of using industrial wastewater for irrigation. This interaction between industrial and agricultural activities and their impact on human health is highlighted by the problems in the Shenfu irrigation area near the heavily industrialized city of Shenyang in Liaoning Province (30, 31 ). An irrigation canal was built in this area in the Volume 107, Number 4, April 1999 * Environmental Health Perspectives I ) early 1960s. The canal was 70 km in length and supplied 13 ,000 acres of land. Each day the canal drained an average 400,000 m3 of untreated wastewater from coal mines and petrochemical, power, and chemical plants. The area's cancer mortality and incidence of birth defects were investigated between 1973 and 1984 . Figure 4 demonstrates that higher levels of cancer mortality and birth defects were found relative to the control area. In particular, the area served by the canal had approximately three times as many (34.2/10,000 versus 12.0/10,000) cases of liver cancer than the control area, lower average age of death from cancer, and approximately three times more birth defects (67.42 versus 20.07 per 1,000) than the control area.
Conclusions and Recommendations
The implications for China's environmental health risk transition of water pollution are quite significant. Although much of the evidence assembled is dated, often anecdotal, and of limited spatial or temporal scope, when taken as a whole it points to several possible consequences for public health. First, morbidity and mortality associated with infectious and parasitic diseases may not continue to decline, and may potentially increase. At the same time a more affluent and growing population, more intensive use of agrochemicals, and continued industrial expansion will increase the amount of human, animal, and industrial waste entering surface and groundwater streams. Second, the combined exposures to both traditional (infectious and parasitic) and modern (cancers, heart disease, and respiratory diseases) risks may be accelerating the incidence of SEPA and other ministries with responsibility for shaping or overseeing developmental activities should weigh the potential health impacts of their management activities. Many mechanisms would need to be adopted to effectively raise the profile of public health objectives. The shared responsibilities of SEPA and the MOH for protection of human health should be institutionalized through the creation of working groups or scientific commissions to tackle specific areas of overlap and coordination (this might follow the example of the Committee on Reviewing the Safe Use of Pesticides, formed by the central government to regulate pesticide use). Other suggestions include integration of the MOH and local health bureaus or agencies into local or regional river basin commissions; discussion of public health issues in analyses of environmental quality that are part of annual state-of-the-environment reports; and mandated assessment of health impacts in the development of regional, county, or municipal development plans.
Even with these mechanisms in place, change cannot be implemented without comprehensive, continuous, and systematic research on water pollution and related health effects. In particular, this review suggests a need to focus on the following research areas: 1) the prevalence of algal toxins in surface water bodies and their impacts on health; 2) an evaluation of fertilizer and pesticide contamination in ambient and groundwater bodies, as well as identification of exposure routes (bioaccumulation in aquatic organisms and contamination of drinking water sources); 3) research on additive or synergistic effects on health created by the compounded effect of multiple pollutants; 4) monitoring of drinking water quality in conjunction with monitoring of disease morbidity and mortality within the seven river basin commissions; 5) development or expansion of existing regional or federal programs to monitor ambient and groundwater quality; and 6) dissemination of research information to regional and local bureaus (environmental and health) to assist with their decision making.
The Chinese government has already made a commitment to saving the country's rapidly depleting water resources. One of its initiatives included increasing the investment in developing sewage engineering technology nearly threefold from 1991-1996 (6). In addition, a nearly 2-year-old national campaign against further deterioration of major rivers and lakes claimed victory when the Huai River was dedared a clear water body. The campaign continues and is targeting other lakes and rivers. However, with the country moving toward a market economy, the Chinese decision makers and researchers face daunting challenges of not only how to strengthen the research, but also how to establish a legislative and regulatory mechanism, as well as a policy framework to guide the costly efforts ofwater pollution control.
